Identifying the risks of dam construction projects due to their high importance in terms of utilization, the amount of investment they invest in, the location of the region, the nature of the complexity of the project, and the presence of many uncertainties, including natural disasters and costs High builds are of special importance. Selection and implementation of the project with the least risk can lead to economic savings, optimal use of resources, increased productivity, flood control and supply of drinking water, agriculture and industry. Based on the results of this study, the "human factors" factor in the probability of occurrence and outcome in the category of severity of risk was the highest score among the indicators related to risk factors assessment of dam construction projects. In this research, first, identify the main risks of the project through a questionnaire and then identify the response strategies for the most critical risks, and finally, with the help of the decision model, prepare and, through paired comparisons, the best strategy for the most important human risk factors in the Polrood dam project is selected. In order to assess the risk in the dam, the risk parameters were identified and prioritized in different stages of the project, as well as 16 sub-subsets in four categories of risk factors: human, technical-environmental, environmental and psychological factors, and using the method DEMATEL-ANP were evaluated and ranked. "The lack of sufficient training to use devices and tools" was the most critical.
Introduction
One of the major areas in the project management standard is project risk management. The status of this topic, especially in the current context of projects that are at any moment in the face of the crisis, becomes more prominent. Project environment is affected by uncertainty and this situation is more acute for big projects. On the other hand, in the life cycle of the project, the establishment and monitoring of safety are important and necessary conditions for the start, completion, and operation of the project, despite the role Particularly this factor in project success, due to the influence of various factors such as cultural, social, economic and technical issues, does not make much interest in this category, especially in our country. The occurrence of various incidents and multiple financial and financial losses are the result of this neglect. Therefore, by implementing the risk management process and considering the impact and probability of occurrence of any of the events caused by the lack of attention to the safety category, it is possible to prevent the occurrence of events whose result is the waste of time, cost and even the quality of the project while improving the level
A Review of Previous Studies
Petrilo et al. investigated human error in critical infrastructure projects. The complexity of the systems causes negative impacts on human resource performance in critical cases. The purpose of this study is to provide a DEMATEL-ANP compilation model for human error probability analysis. The developed model is used to assess how to reduce the risk of accidents. In this study, a fossil power plant has been evaluated under critical conditions [2] . Ortiz et al. examined differences between DEMATEL-ANP and ANP in six different projects [3] . A case study has been selected in the health care industry. The basis of this multi-criteria decision is based on the interaction and feedback criteria. Zhou et al. explores the safety assessment of high-risk projects in hydroelectric projects the use of accident analysis, SEM and ANP [4] . Saif al-Islam and colleagues studied a fuzzy and combined approach to risk assessment in construction projects [5] . The results of the studies on various papers indicate that the risks are interdependent, so the ANP fuzzy analysis network will need to make long calculations. To overcome this, the FBBN or Fuzzy Networking Network has been used to assess risk. Zheng et al. in a study, estimated the safety risk in construction projects taking into account existing uncertainties. In this study, fuzzy logic and Monte Carlo method are used to estimate the risk in uncertainty conditions [6] . Kumar et al. in a study to classify and standardize the level of human error, states that, in addition to mechanization, technology and automation of machines, increasing safety in system operations is one of the key parameters for increasing its productivity [7] . Abdul Hamid and Ahmed in their study presented a method for estimating the risk of human factors, determining the interval between repair and shutdown machines [8] . Mandal et al. reviewed a human error and risk taking priority on cranes using the HTA, SHERPA and Fuzzy VIKOR methods [9] . Garcarneilles et al. examined the risks in development projects in Turkey [10] . Wang et al. in a study developed a general framework for human risk analysis in coal mines during a crisis in China. Mining in critical conditions creates a death and life line [11] . Sosa et al. in a study on risk management included safety and health in construction projects [12] . Norouzi et al. evaluated the human error risk in a study. The human factor involves systemic information about human personality and behaviour to enhance safety [13] . Dickon et al. in a study entitled "Risk Analysis of Human Factors in Marine Conditions", while arguing that marine environments are among the most difficult and most stressful environments in the workplace and the consequences of human error can be It is very intense to investigate the risk associated with human factors in these environments based on the consequences of past events. The results of previous studies and the history of risk design with the DEMATEL-ANP compilation model. The results of previous studies indicate that the DEMATEL-ANP method in damming projects has not been used to determine the risks associated with human health [14] . Zheng et al. and Garcarneilles et al. have studies in this regard, but the method used in this study is somewhat different and unique. Using the combination of Delphi and DEMATEL-ANP techniques as one of the decision-making techniques, with the aim of discovering innovative and reliable ideas and providing relevant information for multi-dimensional decision making, it 2175 is possible to choose an effective strategy among several Risk response strategy .The network analysis process is a mathematical theory that systematically deals with all kinds of dependencies and has been successfully applied in various fields.
Preliminaries

Risk
In the new era, with the advent of industry and technology acceleration, there are many concerns about the adverse consequences that threaten human life. The destructive effects of these developments, such as the events of Fisen (France), Mexico City, Piper alpha (UK) and Chernobyl (Russia), which have emerged as human disasters and environmental pollution in general, disturbing the ecosystem, have led to a deeper human reflection on the aftermath Disregard for risk management issues in industrial activities. Risk management in the definition that the ISO organization has described as coordinated activities to control the risks of the organization, and risk management organizations seek to create programs to reduce risk levels. Risk and risk analysis, which is the core of risk management, has a significant impact on risk management and mitigation after initiating risk studies and identifying potential damaging factors in order to more accurately analyse the hazardous events and examine the consequences of it [15] . A lot of research has been done on this subject, including a peasant study. The main objective of this study is to provide a new model for risk assessment in dam construction projects. Damage projects have multiple risks due to high costs and complex spatial conditions. Failure to properly manage risks leads to time lag and increases in costs. In the present study, with the advice of experts and using the PMBOK standard, 42 risk categories were identified in the four phases of the project. Another study by Josie et al. [16] . Has identified and evaluated the potential risks posed by the construction of the dam. To do this, after identifying the activities and the environment, the study area was carried out according to the severity of the effect, the probability of occurrence and possible consequences of its exposure to humans, the environment and equipment, identification and classification of risks in the form of Delphi methodology. Then, the risk factors were classified into natural, biophysical and human events. The method used in this research is the Analytical Hierarchy Process (AHP), which after creating the hierarchical structure of the risks arising from the dam, the matrices of paired comparisons with respect to the probability of occurrence of risk and severity of effect (main risk indicators), for each criterion and sub criteria were formed relative to each other. Also, in order to achieve the relative and final weights of each of these factors, the Expert Choice software was introduced by entering the preferences values.
Human Project Factors
Today, manpower is known as the most important source of development projects for its successful implementation, but unfortunately due to low human resource costs, it is paying little attention to other resources such as materials and machinery. With proper management of human resources, which depends on its proper planning and development, it is possible to improve the performance of construction projects. Unfortunately, the position of human resources management in weak and limited development projects is summarized, and only in administrative and operational matters. In other words, most senior executives often know things like attracting, controlling, attending and attending, and listing salaries and benefits as human resource management tasks, and they often find training as ineffective or timeconsuming, and only In certain cases, such as safety and health, they agree with it [16] .
Risk Assessment and the Health of Human Factors in the Project
According to the World Health Organization, an estimated 68 to 157 million people are diagnosed with occupational diseases annually, with about 30-40% of them suffering from chronic diseases, and about 10% of them suffer permanent disabilities, 20% of all cancers are caused by cancer. According to the International Labor Organization (ILO), accidents and illnesses linked to annual work send two million people to death, bringing about 250000$ million in economic losses, bringing about 5,000 people a day the world loses its life due to work-related accidents and illnesses [2] . Today, many companies and businesses are worth the specialist human resources and are trying to educate and train these forces. Therefore, the protection of these forces against incidents has become a crucial issue for companies. For this reason, safety and compliance with existing standards, as well as safety management in the HSE, have benefited from special utility desks. On the other hand, looking at the number of casualties and accidents caused by work in Iran, we will find that the growth of about 15 percent annually of these events calls for more attention to the issues of HSE management among the enterprises of the country. Failure to observe and enforce HSE in construction workshops, which is one of the sources of the incident in the country's industry, imposes billions of dollars annually on the economic and social fabric of the country, if it is, perhaps, at a much lower cost than that It can be avoided by preventing incidents that have a lot of hidden costs.
In safety considerations, as with other issues, it is first necessary to identify the factors that cause the risks, and then plan to moderate or eliminate them. Identifying hazardous risks and ranking them for projects is a key part of the risk assessment phase in the risk management process in the HSE sector, because after this we will be able to implement risk mitigating measures for that activity and Control it during planning to deal with risk situations. In order to identify the risks of each activity, it is first necessary to identify the nature of the activity and the risks involved in that activity, and then, considering the importance and impact of the incidents caused by these risks to the contractor and the objectives of the project, classify these risks in order to focus. It uses resources to analyze and reduce them [4] .
Research Methodology
Network Analysis Model (ANP)
The process of network analysis was designed and introduced by Professor Thomas L, Saaty in 1996. ANP method is generalized mood of AHP method so that to determine the weights of criteria in analytical process in this method, pair comparisons technique is used. In the cases that lower levels are effective on higher levels or the components which are located in a level but they aren't independent from each other, AHP cannot be used anymore. ANP technique doesn't require hierarchical structure and as the result, it shows more complicated relationships among different levels of decision as network and considers the interactions and feedbacks among criteria and alternatives. ANP technique can consider all interactions and relationships among decision making levels which form a network structure with a comprehensive framework. The clusters introduce the levels of decision making and curves show the interactions among the levels of decision making. The direction of curves also shows the dependency. Following figure indicates the comparison of hierarchical analysis process and network analytical process. The process of network analysis includes four main levels which are: 1. Making model and structuring the problem.
Relationship between Clusters
2. Pair comparisons and priority vectors (decision components are compared in pairs in each part considering their importance in controlling the criterion and the parts are also compared in pairs considering their effect on the goal).
3. Formation of super matrix.
Choosing the best option.
After identifying relevant risks to the health of human factors in dam construction projects, final extraction of effective factors using elites' ideas, risks are modeled though questionnaire and then through prioritizing the factors through the model of network analysis process, the factors are ranked and collected data will be investigated and analyzed in Super Decision software. To determine the relationships between the criteria, DEMATEL technique is used. Using this technique, the pattern of internal relationships among criteria can be identified.
Fuzzy ANP
As it follows, the steps of performing fuzzy ANP will be mentioned separated by each phase.
First step: making model and structuring the problem: the aspects, criteria and items are specified and the relationship among them is expanded and the model and general structure of problem will be drawn as a network.
Second step: pair comparisons matrix
Third step: calculating weight vectors using development analysis method: to calculate weight vectors, fuzzy network analysis process is used which is based on development analysis method.
First step: expansion of fuzzy compound: to calculate the values of fuzzy compound expansion, the following equation is used.
  
To calculate matrix, the following equations are used:
Second step: calculating the degree of feasibility and preferences: after calculating ̃ their great degree should be acquired towards each other. Generally, if 10 and 20 are two triangular fuzzy number, to calculate the degree of feasibility and preference of 2 towards 1 that is shown as 2 = ( 2 , 2 , 2 ) ≥ 1 = ( 1 , 1 , 1 ) , the Equation number 3 is operationalized.
Equation 6 has been used to calculate the equation above.
Third step: to calculate the rate of a triangular fuzzy number bigness among k triangular fuzzy numbers, Equation 5 is used.
In the matrix of pair comparisons, to calculate the indicators, Equation 6 is used.
Therefore, the weight indicators are shown using Equation 7.
Fourth step: descaling: in this step, weight vectors which are obtained from the previous steps are descaled.
Fourth level: formation of super matrix: super matrix is capable of limiting the coefficients for calculating all priorities and as the result cumulative effect of each component on other ones which are interacting with them. Super matrix includes the levels of target, aspects, decision criteria and options. In this matrix, the vector shows the effect of target on the aspects of decision and in another word, it shows the importance of aspects.
Fifth level: choosing the best option: in this level, obtained weights from DEMATEL techniques and development analysis will be inserted into unmatched super matrix (the one in which the weight of variables hasn't been considered) and then primary unmatched super matrix will turn to matched super matrix. After moderating the weights in matched super matrix, this super matrix will be empowered to the extent that matrix gets stable or so-called becomes converged and limited super matrix is formed. Finally, optimal options will be extracted from this super matrix.
Fuzzy DEMATEL Technique
Memorial Battle Institute invented the abovementioned technique in a research supervised by the core of Zeno research. Primary model of DEMATEL was used for achieving how to deal appropriately with disordering phenomena in the global scale. The superior advantage of this model in analyzing causal relationships between sets of variables. The used technique in this study is based on used method by Wu and Lee that its steps will be explained as follows [17] .
First step: designing decision making matrix: to assess the relationship and effects among study criteria, matrix which includes the target and criteria is first designed in which the relationship between them is considered. In order for this, pair comparisons questionnaire has been designed. To assess the rate of effect of factors, a five-level criterion has been used.
Second step: calculating fuzzy matrix of direct relationships: after collecting the elites' ideas about the rate of factors' effectiveness on each other, direct relationships matrix (Z) which is a matrix of n multiplied n, is formed. Then mean matrix is calculated for collecting elites' ideas using Equation 9.
The mean of each matrix, matrix Z which is called direct relationships fuzzy matrix, will be obtained. In this matrix, fuzzy numbers are triangular. Fourth step: drawing causal chart: in this step, the sum of rows and columns of matrix is calculated. In case the sum of rows and columns are respectively called the matrixes of R and j, the most row sum R shows the order of criteria which have influence on the intensity of other components and the most column sum j shows the order of criteria which are influenced. Out of summing these two, matrix (R+j) which is called superiority matrix and out of their difference, matrix (R-j) which is named relationship matrix, is obtained. Δ = R -L Sixth step: calculating internal relationship matrix: based on the results of general relationships matrix and causal chart, internal relationships matrix will be calculated. Through descaling the column of general relationships matrix using linear soft, internal relationships matrix will be obtained. The weights of these tables are directly used in unmatched super matrix ANP.
Questionnaire
In order to design the model of determining relevant risks to the health of human factors in dam construction projects in several levels, questionnaires for the elites of the subject are required to be used. In the first step, in order to identify main aspects of relevant risks to the health of human factors in dam construction projects, questionnaires of elites are used. The elites in this step are asked to specify main aspects of relevant risks to the health of human factors in dam construction projects. After identifying main criteria, the sub-criteria that are the components of each one of criteria will be also specified using the ideas of elites. After determining the aspects and components of relevant risks with the health of human factors, some very important points need to be specified. To achieve the cases above, combined technique of fuzzy DEMATEL-ANP is used in which the elites should be surveyed. After determining the aspects, sub-criteria, dependency among them as well as the priority and importance of 2179 each one, some solutions are required to be proposed in order to reduce and manage the risks. Due to this, holding a session with the elites of the company and Delphi technique, the solutions will be gathered and the appropriate ones are chosen. Due to pair comparisons questionnaire, a questionnaire is sent for elites and they are asked to conduct pair comparisons among the factors. Each one of questions in questionnaire above have been designed as 9 options and based on Likert scale. In this scale, the responses are separated into 9 groups. From the equal importance to absolute importance. The data and preferences can be seen in Table 1 . 
Statistical Population and Research Territory
Statistical population of current study are elites and managers in Khatamolanbia construction site. The elites above have the following conditions:
 The experience of at least 5 years in the field of construction projects  Having at least Master degree  Having defined organizational position in the organization Place territory of the research is Gilan Province located in Islamic Republic of Iran. Time territory of the research is first half of 2016. Subject territory of the research is about human resource health and relevant issues to it. 
Case study
Identifying the Aspects of Relevant Risks to the Health of Human Factors
In this step, through questionnaire and getting the ideas of elites in this issue, the aspects of relevant risks to the health of human factors were identified in the project of Rahim Abad Polrood dam in Gilan. In this step, taking advantage of Delphi technique and through doing 3 rounds of questionnaire in the form of an intensive session of several hours, finally, the elites reached an agreement on the aspects relevant risks to the health of human factors. According to elites, relevant risks to the health of human factors include following cases:
1. The accidents caused by human errors. 2. The accidents caused by devices' deficiency. 3. Effective spiritual factors on the workers' mind.
Environmental factors
Determining Sub-Factors of Relevant Risks to the Health of Human
In order to determine the rate of reliability of each one of sub-factors for entering into model, the elites were asked to give their ideas about the importance rate of each one of sub-factors for inserting into model and give 1 to the subfactors which are qualified enough to be inserted into model and 0 to the ones which aren't reliable enough to be inserted into model. In order to consider an indicator for inserting the sub-factors into the final model, Lawshe equation is used so that considering the conducted calculations, the sub-factors that their CVR is at least 0.62, are qualified to be inserted into model. Validating effective sub-factor on the human resource health has been accomplished using the references that are extracted from the literature of the study. 
Determining the Relationships and Correlation among the Main Aspects
After identifying the aspects and components in previous section, to manage risks in this level, correlation and causal relationship among the aspects and also sub-criteria are identified so in this level through fuzzy DEMATEL technique, the causal relationships among the aspects and components will be determined whose levels will be mentioned as follows. To investigate the criteria, the ideas of 10 elites have been used. Fuzzy numbers in these matrixes are triangular and ij x is considered as fuzzy number (0, 0, 0). To consider the ideas of all elites, they will be taken arithmetic mean according to Equation 20. Table 2 . 
That r is obtained from the following equation:
After calculating normalized matrixes, the matrix of fuzzy total relationships will be obtained considering Equations 18 to 21.
That in each entries of that, fuzzy number is as ( , , )
and calculated as below:
In these equations, I is the matrix of one and H1, Hm and Hu are each one matrix of n × n whose entries respectively form low, middle and high number of triangular fuzzy numbers of matrix H. Table 3 shows matrix t. 
De-fuzzed B is number 1 2 3 ( , , ) A a a a  . Table 4 shows de-fuzzed numbers of Table 5 . Figure 4 also shows the rate of importance and effectiveness among the criteria. Horizontal axis of chart shows the importance of criteria and vertical one is about the effectiveness or affectability of criteria. As it is seen, the criterion of environmental factors has more length of source than other criteria, this is because this criterion is more important than others in the flow of effectiveness and affectability. In the same way, we determine the causal relationships of the underlying criteria of the factors using the fuzzy DEMATEL technique.
The Steps of Obtaining the Weight of Components with Fuzzy Network Analysis
Based on super-matrix, the levels of calculating components' weights are:
First step: to collect the elites' ideas, respondents' pair comparisons were taken geometric mean. Third step: formation of eigenvectors ( ). These matrixes include eigenvectors which have been obtained from pair comparisons of second step.
It has to be noticed that if in intra surface eigenvectors matrix, one or some entries aren't seen in main diameter (1, 1, 1) the reason is that normalization has been conducted in that column. Normalization is so that all fuzzy numbers of that column are divided into the sum of middle values of fuzzy numbers of that column. Table 6 and 7 show the matrixes of eigenvector. 
Obtaining Eigenvector of Main Factors towards the Goal and Sub-Factors towards Main ones Using Fuzzy ANP
In this step, obtained eigenvectors of fuzzy ANP are multiplied in the matrix of total relationships of fuzzy DEMATEL. To multiply these two matrixes, main factors total relationships matrix obtained from fuzzy DEMATEL is first normalized. Table 8 shows normalized matrix of total relationships of main factors have been shown. After multiplying the matrix above in Table 6, Table 9 will be obtained which shows final weight of main factors affecting staffs' heath in dam construction project of Rahim Abad Polrood. To determine final weight of sub-criteria, sub-criteria's normalized total relationships matrix should be first obtained. To determine final weight of indicators towards goal, their weight (eigenvector) ( Table 7) should be first multiplied in the matrix of sub-criteria's normalized total relationships and obtained result should be multiplied in final weight of factors towards goal ( Table 9 ). The obtained results of these operations have been shown in Table 10 . 
Conclusion
As it was previously discussed, the goal of this study was designing a model for determining relevant risks to the health of human factors in dam construction projects. The first step which was taken due to this was a comprehensive cognition of problem using available resources so a comprehensive library study from the books, papers and theses related to this field was conducted and the principles of the study were accurately investigated to be profoundly familiar with the principles of the study. After relative familiarity with the concepts of issue, a comprehensive literature of the subject and relevant studies was reviewed and proposed. Used models in the subject literature were completely investigated to be able to be the basis for the study. In order to this, through conducted studies and identifying weaknesses and strengths of studies, it was tried to use positive points of studies and take some measures for filling the gaps of research. Firstly, relevant risks to the health of human resource in dam construction projects were identified in 4 main criteria which are as follows:
1. The accidents caused by human errors.
2. The accidents caused by the deficiency of devices.
3. Effective spiritual factors on workers' mind.
Environmental factors.
Then, some sub-criteria were determined for each one of these criteria. After identifying criteria, sub-criteria, using combined fuzzy DEMATEL-ANP method, each one of these criteria and their sub-criteria were ranked. Finally, in order to manage existing risks in these projects, some solutions were proposed using those risks can be managed. In order to propose some solutions for reducing the risks of human resources health in the project of Polrood dam in Rahim Abad Gilan, consulting the elites in this field, the following solutions were ultimately proposed to reduce and manage the risks above:
